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SUMMARY 

An investigation has been  conducted in the Langley 4- by 4-foot 
supersonic  tunnel t o  determine the s t a t i c  lateral control  characteristics 
of a supersonic aircraft configuration at Mach numbers of 1.40 and 1.59. 
The results  indicated the aileron  effectiveness t o  be approximately half 
that predicted by linear theory  principally  as a resul t  of f low separa- 
t i o n   i n  the region of the  aileron. The rudder  effectiveness was con- 
sidered l o w  since a rudder  deflection of approximately 20° produced a 
sideslip  angle of only 2.5' at  the   t e s t  Mach numbers. The effective 
dihedral was positive with controls  fixed. However, the  variation of 
rolling-moment coefficient  with  angle of yaw for  zero y a w i n g  m m n t  
lndicated a dihedral  effect that was slightly  negative at a Mach number 
of 1.40 and slightly  posit ive a t  a Mach number of 1.59. 

A discussion of the  accuracy of the  strain-gage  balance  system  used 
i s  included in an appendix. 

INTRODUCTION 

A comprehensive  wind-tunnel investigation has been  conducted in 
the Langley 4- by &-foot supersonic  tunnel t o  determine the general 
aerodynamic characterist ics as well as t he   s t ab i l i t y  and control  charac- 
t e r i s t i c s  of a  supersonic  aircraft  configuration. The geometric  charac- 
t e r i s t k s  and a three-view  drawing of the model are  presented in table I 
and figure !2, respectively. 
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The longitudinal.  stability and control  characteristics of the 
model are presented in references 1 and 2 fo r  Mach numbers of 1.40 
and 1.59, respectively. Lateral s tab i l i ty   charac te r i s t ics  are presented 
i n  reference 3. Pressure measurements over  the  fuselage of the model 
are  presented  in  reference 4 for a Mach number of 1.40 and i n  refer- 
ence 5 f o r  a Mach number of 1.59. Wing pressure measurements fo r  a Mach 
number of 1.59 are given in reference 6 .  

The present  paper  contains the results of the  lateral-control 
investigation conducted a t  Mach numbers of 1.40 and 1.59. The model 
incorporated a six-component internal  strain-gage  balance and hinge- 
moment gages on the  stabil izer,   afleron, and rudder.  Lateral  control 
characterist ics a r e  presented fo r  the complete model through a range of 
angles of a t tack and yaw for  various  aileron and rudder  deflections. 

C O r n I C r n S  AND SYMBOLS 

The resu l t s  of the tests are presented as standard NACA coeffi- 
cients of forces and momnts. The data are   referred  to   the  a tabi l i ty  
axes system (f ig .  1) with  the  reference  center of gravity at  25 percent 
of the mean aerodynamic chord. 

The coefficients and symbols are  defined as follows: 

CL l i f t  coefficient  (Lift/qS where L i f t  = -Z )  

CX longitudinal-force  coefficient (X/qS) 

CY lateral-force  coefficient (Y/qS ) 

cz rolling-moment coefficient (L/q=) 

Cm pitching-moment coefficient ( M f / q E )  

Cn yawing-moment coeff  lcfent (N/qSb) 

aileron hinge-moment coefficient (H,/2Maq) 

Chr rudder hinge-moment coefficient (I&/!2B$q) 

X force dong X-axis, pounds 

Y force along Y - a x i s ,  pounds 

Z force d o n g  Z-axis, pounds 
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moment about X - a x i s ,  pound-feet 

moment about  Y-axis,  pound-feet 

moment about Z-axis, pound-feet 

aileron hinge moment, pound-feet 

rudder h ~ g e  moment, pound-f ee t  

wing area,  square  feet 

moment area of aileron about hinge line, feet3 

moment area of rudder  about hinge line, fee t3  

wing span, f ee t  

wing mean aerodynamic chord, f e e t  

a i r fo i l   sec t ion  chord, f e e t  

distance ala-ng w i n g  span, f e e t  

free-stream aynamic pressure, pounds per  square  foot 

Mach  number 

afrspeed,  feet  per second 

angle of attack of fuselage center line, degrees . ' 

angle of yaw, degrees 

right-aileron  deflection w i t h  respect t o  .wing chord measured 
i n  stream  direction,  degrees 

rudder  deflection wTth respect t o  v e r t i c a l   t a i l  chord 
measured i n  stream  direction,  degrees 

r a t e  of change of lateral-force  coefficient with angle of 
yaw, per 'degree (aCy/W) 

ra te  of change of aileron hinge-moment 
aileron  deflection,  per degree (&ha/& 
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Ch6r ra te  of change of rudder hinge-moment coefficient  with 
rudder  deflection,  per  degree (&hr/a&) 

chaa ra te  of change of aileron hinge-moment coefficient w i t h  
angle of attack,  per  degree (a&/&) 

Chrq, rate of change of rudder hinge-moment coefficient  with  angle 
of yaw, per  degree (&hr/a$) 

C b ,  r a te  of change of rolling-moment coefficient  with  aileron 
deflection, per degree (“zla64 

C 
%r 

ra te  of change of yawing-moment coefficient  with  rudder 
deflection,  per  degree (&,/ab) 

ra te  of chang6 of rolling-moment coefficient  with  rolling 
velocity;  per radian % ( 2 3  

wing-tip  helix  angle, radians 

rolling  velocity,  radians  per second 

(CZlCZP, 

The following symbols appear o n l y  i n  the appendix: 

chord-force  co.eff.icient (C/qS) 

normal-force  coefficient (N’/qS) 

stabi l izer  hfnge-mament coefficient  (Et/StFtq) 

chord  force, pounds 

n o m  force, pounds 

s tabi l izer  hinge moment, pound-feet 

area of stabilizer,  square  feet 

mean aerodynamic  chord of stabil izer,  feet 

span of stabil izer,   feet  

stabil izer  section chord, feet - 
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. 

Y t  distance  along  stabilizer span, feet 

it stabilizer  incidence  angle  with  respect  to  fuselage  center 
l ine,  degrees 

MODEL AWD APF'ARATUS 

A three-vlew drawing of the model i s  shown in   f i gu re  2 and the 
geometric characterist ics of the,model are given in   t ab l e  I. The model 
had a wing with 40' of sweepback of the quarter-chord  line,  aspect 
r a t i o  4, taper   ra t io  0.5, and 10-percent-thick  circular-arc  sections 

. normal t o   t h e  quarter-chord  line. The wing w a s  at a 3' incidence angle 
with  respect  to  the  fuselage  center line. Twenty-percent-chord f l a t -  
sided ailerons having a trailing-edge  thickness 0.5 of the hinge-line 
thickness were installed on the outboard  halves of the wing semispans 
'(fig. 3 ) .  Measurements indicated  the right wing t f p   t o  be twisted 4.2 '  
with  respect   to   the  lef t  wing t i p .  

Details of the  ver t ical  t a i l  and rudder 'are sham  in  figure 4. 
Deflections of the right ai leron and the rudder were set manually before 
each run. 

The model w a s  mounted on a s t ing  support and i ts  angle in   t he  
horizontal  plane was remotely  controlled i n  such a manner that the model 
remained essent ia l ly   in  the center of the test  section. With the model 
mounted so tha t   the  wings were ver t ical ,  tests could be made through an 
angle-of-attack  range.  (See f ig .  5(a). ) With the model rotated 90° 
(wings horizontal),  the  angle-of-attack mechanism was  used t o  provide 
angles of y-aw ( f ig .   5(b)) .  A t  M = 1.40, a 6' bent  sting was used f o r  
a l l  pitch tests except 6aR = 0' fn which case  the straight .s t ing was 
used. The  yaw tests a t  M = 1.40 and both  pitch and yaw t e s t s  a t  
M = 1.59 were made using  the straight (Oo) sting. Comparison of the 
resul t s  of runs,made using  various bent stings indicated that any s t ing  
effects  are not  affected by the shape of the  st ings used in   these   t es t s .  

Forces and moments on the model were measured by means of an 
fnternal six-component strain-gage  balance.  Aileron and rudder  hinge 
moments  were measured by individual  strain-gage beams i n  each  control 
surface. A discussion of the  balance system  and the accuracy of the 
data are given in the appendix. 

The tests were conducted In the  Lasgley 4- by 4-foot  supersonic 
tunnel which is  described i n  reference 5.  
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TEST COXDITIONS 

The  test  conditions  are summarized in  the  following  table: 

. . . . . .  . "" .... . .... _ _  .... - .  . . .  

Stagnation Dynamic Dew Stagnation number 
number 
&* 

pressure point temperature  pressure 
(atd (9) 

-30 U O  0.25 1.40 

( W s q  ft) (9) 

575,000 223 -35 l l 0  25 1.59 

600,000 229 

(based on F) 

Calibration  data f o r  the Mach number 1.40 end Mach number 1.59 
nozzles  are  presented in references 4 and 5, respectively. 

CORRECTIONS AND ACCURACY 

Although  it is believed  that  the  sting  effects  were small, their 
exact  magnitudes  are  not known. Base  pressure  measurements  at a Mach 
nmiber of' 1.59 indicated  that,  if  free-stream  static  pressure is assumed 
to exist  at  the  base  of  the  model,  then  the drag data  presented would be 
reducgd  by  approximately 1 percent in the  angle-of-attack range from 4' 
to 10 , with no correction  necessary in the  lower  angle  range. No cor- 
rections for tbese  effects have been made t o  the data. The maximum 

ments, and no angle of attack  or yaw correction was required.  Optical 
measurements  of the wing  twist  under load indicated  twists of less 
than 0.05' and hence  no  corrections  for  aeroelastic  effects  were  neces- 
sary. No wing-twist  measurements  were  made with the  aileron  deflected. 

, sting  deflection  under  load  was w i t h i n  the  accuracy of' the  angle  measure- 

The  probable  errors in the  aerodynamic  coefficients  (see  appendix) 
are  less  than 

Random balance- 
tunnel errors combined system  errors 
All balance-system and 

CL.'. . . . . . . . . . . . .  
f .001g f .OOlO c y . . . . . . . . . . . . . .  
f.0023 f .00025 cx . . . . . . . . . . . . . . .  fO .0043 fO .0010 

cz . . . . . . . . . . . . . .  f .00006 f . 0000gg 
C& . . . . . . . . . . . . .  f .0028 * .0031 

Cm . . . . . . . . . . . . . .  
f ,00015 * . 00011 C n . . . . . . . . . . . . . .  
f .W14 f .00042 

Chr . . . . . . . . . . . . .  f .om8 f .Om7 
where  random balance-system errors  include zero shift and sensitivity Only. 
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The accuracy of the  angle of at tack and angle of  y a w  m s  about 
f0.05', the  rudder and aileron  deflection  angles  about *0.05O, and the 
dynamic pressure  about 0.25 percent. 

Because of the small magnitudes of the flow gradient Fn the vfcln- 
ity of the model (references 4 and 51, no corrections  for. these  effects 
have  been applied.  Tests made with the model in a hor izontd  and ver- 
t ica l   pos i t ion  showed excellent agreement. 

TEST PROCEDURE 

Aileron  tests were made through an angle-of  -attack  range of -4' 
t o  10' a t  zero  angle of yaw w i t h  a right-aileron-deflection  range of 
about 5i5'. The l e f t   a i l e ron  remained at zero  deflection  throughout 
the t e s t s .  The a i le ron   tes t s  were ma@ using  various  stabilizer  deflec- 
t ions so  that the m o d e l  remained trimmed fncs i tch .  Rudder tests were 
made through a yaw-ang le  range of f 10' a t  zero : w e  of attack. The 
rudder-deflection  ranges were -3' t o  20' f o r  M = 1.U. ana -3' t o  ~ 5 . 5 ~  
fo r  M = 1.59. 

The aeroaynamic characterist ics of the complete model f o r  various 
aileron  deflections  through the angle-of-attack  range a t  Mach numbers 
of 1.40 and 1.59 are  presented in figures 6 and 7, respectively. These 
data show the effects  of deflecteng  the right aileron only. The nega- 
t ive  rolling-moment coefficient  indicated f o r  zero  aileron  deflection 
at M = 1.40 (see  f ig.  6) can be at t r ibuted  to   the slim t w i s t  of the 
wing. A t  M = 1.59. (see  f ig.  7 )  the   effects  of the WFng twiet  appear 
t o  be counteracted by f low angularit ies  in  the  region of the  aileron  or 
by incorrect  ai leron  sett ing.  

The adverse ;yawing moment accompanying t o t a l  aileron  deflection is 
about the sane at both Mach numbers"and i s  approximately equal t o  that 
which occurs a t  low speeds for a similar  configuration  (reference 7). 

The experimental and theoretical ' 'variations of the rolling-moment 
coefficient and aileron hinge-mment coefficient w i t h  aileron  deflec- 
t ion  for   both Mach numbers are  presented  in  figure 8. The experimental 
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results were obtained by cross  plotting from figures 6 and 7 at zero 
angle of attack. The theoretical  V d U e S  of Czga and Chga were cal-  
culated by the methods presented in  reference 8. A n  examination of f i g -  
ures 6 and 7 indicates that Czg, and C b a  are about  constant fo r  
small aileron  deflections  throughout  the  angle-of-attack  range. 

A t  both Mach numbers, C 2  and C b  vary linearly  with 6aR 
through most of the  deflection  range and there is no indication gf 
reversal  in  the  aileron  effectiveness. The values of Cz6, and Chga 
obtained  experimentally  are  approximately half those  predicted by l inear  
theory,  principally  as a resu l t  of spanwise f l o w  and boundary-layer 
separation  in  the  region. of the  aileron.  (See  reference 6 . )  

A summary of the  aileron  characterist ics C&a, Ch-9 C28, 
obtained from figures 6, 7, and 8 i s  presented in   t ab le  11. All of 
these  parameters are l e s s  at M = 1.59 .than at M = 1.40. The aileron- 
effectiveness  parmeter C28, i s  about half the subsonic  value of -0.001 
indicated a t  M = 0.16 fo r  a model of the same configuration equipped 
with a circular-arc  profile  aileron  (reference 7) .  

The rolling  effectiveness pb/2V ( f ig .  9 )  was calculated  using  the 
experimental  values of rolling-moment coefficient and the damping-in- 
roll factor Czp obtained from the  charts  presented i n  reference 9. 
Values of pb/2V indicated by free-fl ight tests (reference 10) were 
about 0.8 of the  calculated  values, which probably resul ts  from the f ac t  
that the calculated  results do not  include  the  effects of adverse yaw. 
It i s  interest ing  to   note  that low-speed tests have indicated  that an 
empirical  correction  factor of 0.8 i s  necessary t o  provide  correlation 
between calculated and measured vdues  of  pb/2V (reference 11). The 
roll ing  velocit ies based on the model span  (see  fig. 9) indicate that 
st these Mach numbers reasonable  rates of r o l l  might be obtained fo r  a 
full-scale  airplane  similar  to  the model. , 

Characteristics  in  Sideslip 

Directional  control.- The effects  of rudder  deflection on the  aero- 
dynamic character is t ics   in  yaw are  presented  in  figures 10 and 11 for  
Mach numbers of 1.40 and 1.59, respectively. 

As indicated  in  reference 3, the  directional  stabil i ty ( C q )  a t  
both Mach numbers i s  high re la t ive   to   the  low-speed value  for  this con- 
figuration. The rudder-free  stability (dashed l i nes   fo r  Chr = 0 i n  
f igs .  10 and 11) indicates that ,  if the  rudder i s  released at any yaw 
angle,  the model  would tend to   re turn  t o  zero yaw. 
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. Although  low-speed t e s t s  (€4 = 0.16, reference 7) of a sirdlar con- 
figuration  indicate that reversa l   in  Chr occurs f o r  s m a l l  values 
of  6r and '$, no reversal w a s  found at e i ther  Mach  number for the 

* 
. present  tests.  

The variation of rudder  deflection w i t h  ajngle of yaw ( f ig .  12) 
obtained by cross  plotting  figures 10 and 11 at Cn = 0 indicates that 
left-rudder  deflection  (positive  6r) is  required for r ight   s idesl ip  
(negative q)  and vice versa. The maximum rudder  deflections (25.5O 
a t  M = 1.59 and 20' a t  M = 1.40) can hold a s idesl ip  of about 2.5' 
at  both Mach numbers. A considerably  larger  sideslip can be maintained 
at subsonic  speeds,  about loo being  attained  for 6, = 20' a t  M = 0.16 
(reference 7). Rudder deflections of about 16' w o u l d  be  required t o  
overcome the adverse y a w  of about 1.5O (figs.  10 and 11) resul t ing from 
full aileron  deflection (6a = S 5 O )  at zero angle of attack. 

Variations of yawing-moment and  rudder hinge-moment coefficients 
with  rudder  deflection  at zero angle of yaw, obtained by cross  plott ing 
figures 10 and ll, are  presented  in figure 13 f o r  both Mach numbers. 
The rudder  characteristics c a r ,  mq.9 a d  C obtained from f ig -  

parameter Cmr i s  somewhat l e s s  at M = 1.59 than at M = 1.40 and 
i s   r a t h e r  low compared t o  the  subsonic value of -0.0010 a t  M = 0.16 

l e s s   a t  M = 1.59 than a t  M = 1.40. 

I 

q r  
* ures 10, ll, and 13 are  presented  in  table 11. The rudder-effectiveness 

- 
I (reference 7) . The hinge-mmnt parameters chs, and Chrq axe also 

. .  Effective dihedral.- The variation of rolling-moment coefficient 
with  angle of yaw with  controls  fixed  (figs. 10 and 11) indicates  posi- 
t ive  effect ive dihedral  at both Mach numbers. However, the  variation 
of Cz with $ f o r  Cn = 0 (dashed l i n e s   i n  figs. 10 and 11) indi- 
cates  sl ightly  negative  effective  dihedral   at  M = 1.40 asd positive 
effective  dihedral at M = 1.59, although  these  effects  appear t o  be 
small at  both Mach numbers. These r e su l t s  mf@t be expected inasmuch 
as the  tai l-off  tests  (reference 3) have shown t ha t  d l  of the  positive 
effective  dihedral i s  contributed by t he   ve r t i ca l   t a i l .  Hence, the 
effective  dihedral  probably would vary with rudder  deflection. 

Lateral   characterist ics i n  sides1iE.- The positive  value of the 
lateral-f  orce  parameter Cy* indicates  r ight bank w i l l  be requfred  in 
steady right sidesl ip   ( f igs .  10 and 11). .The value of  Cy$ is  smaller 
a t  M = 1.59 than a t  M = 1.40 because of the reduced lift-curve  slope 
of t h e   v e r t i c a l   t a i l  at. M = 1.3 (reference 3 ) .  

Longitudinal  characteristics in sideslip.-  There i s  l i t t l e  varia- 
t ion  of l i f t  coefficient and longitudinal-force  coefficient  'with  angle 
of y a w  ( f igs .  10 and ll) . The &l variations of pitching-moment 

- 
m 
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coefficient  with  and 6r can  easily  be  counteracted  with  only 
slight  changes  in  stabilizer  setting  (references 1 and 2). 

CONCLUSIONS 

The  results of the  static-lateral-control  investigation  conducted 
at Mach numbers  of 1.40 and 1.59 on a model  of a supersonic  aircraft 
configuration  indicate  the  following  conclusions: 

1. "he  aileron  effectiveness was approximately half that  predicted 
by  linear  theory  principally  as a result of flow  separation  in  the 
region of the  ailerons.  However, an analysis of the results  indicated 
that  at  these  supersonic  speeds  the  ailerons  would  produce  reasonable 
rolling  velocities for.an airplane  configuration similar to  the  model. 

2. The  rudder  effectiveness  at  the  test Mach numbers  was  considered 
low since a rudder  deflection of approximately 20' produced a sideslip 
angle of on ly  2.5O. 

3. With  controls  fixed  the  model had positive  effective  dihedral. 
However,  the  variation  of  rolling-moment  coefficient  with  angle  of y a w  
for  zero  yawing  moment  indicated a dihedral  effect  that  was  slightly 
negative  at a Mach  llumber  of 1.40 and slightly  positive  at a Mach 
number  of 1.59. 

4. The  adverse  yawing  moment  that  accompanied  total  aileron  deflec- 
tion was about  the  same  at  both  Mach  numbers  and  was  about  the  same  as 
that  which  occurred  at low speeds f a r  a shnilar configuration. 

Langley  Aeronautfcal  Laboratory 
National  Advisory  Committee  for  Aeronautics 

Langley Air  Force  Base, Va. 
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ESTIMXCE OF ElALANCE-SYSTE;M AC- 

In  an attempt t o  evaluate  the performance of the  sfx-coqonent 
internal  strain-gage  balance and the three s'ingle-beam hinge-moment 
balances employed during  the  investigations of t h i s  m o d e l  in the 
Langley 4- by &-foot supersonic  tunnel, a simplified  analysis  to deter- 
mine the  probable errors in the  data and t o  indicate  the sources of 
these  errors is  presented.  This  analysis  includes  uncertainties in 
f l o w  parameters,  angle sett ings,  and model dimensions, as w e l l  as inac- 
curacies in the balance  systems. The data used in   th i s   ana lys i s  have 
been  determined from repeated  calibrations and the results are presented 
as probable errors  in the aerodynamic coefficients. In all cases, the 
errors  considered are random errors  except  those  errors  introduced in 
the  reduction of the data by neglecting  interactions and slight calibra- 
t ion  shifts. In the  entire  analysis,   the balance  system is considered 
to , include  the  s t ra in  gages, wiring, control boxes, and the modified 
self-balancing  potentiometers  used  as.fndicators. 

Definition of Terms 

(a) Accuracy - a measure of the  abi l i ty ,  of the  balance system to 
indicate  the  correct  reading f o r  repeated  applications of a given load 

(b ) Sensi t ivi ty  - the  smallest increment of load  the system  can 
detect and Fndicate 

( c )  Zero s h i f t  - the increment by which the  indicator fails t o  
return t o  thenini t ia l  zero  posit ion  after the load has been removed 

(d)  Probable error - the  estlmated magnitude of the net error t o  
be expected in any single observation 

(e)  Systematic error - an er ror   in  w h i c h  the  sign and magnitude 
bear a fixed  relation t o  the  condition of observation 

( f )  Randomerror - a n  e r ro r   i n  
positive  as  negative 

(g) h t e r a c t i o n  - an increment 
caused by the  application of one o r  

which the   s ign   i s  as l i k e l y   t o  be 

Fn me  reading of any given component 
more other components 

# 
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Sources of Error 
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. 
In  the  following analysis, the  balance-system  errors were f i rs t  

considered  separately and later i n  combination  with  tunnel and model 
parameters t o  give an indication of the  over-al l   re l iabi l i ty  of the 
data. The balance-system errors  considered were zero  shift,  recording 
sensit ivity,   calibration changes, and interactions. I n  evaluating  the 
errors  introduced by the  tunnel and model parameters,  such items as  
inaccuracies i n  angle of attack, angle of yaw, control-surface  deflec- 
tions, and free-stream dynamic pressure have  been included. All the 
errors  treated were of a randam nature  with  the  exception of the  Cali- 
brat ion  shif ts  and interactions. These latter errors  were systematic. 

In general, a l l  data used i n  analyzing the balance-system  inaccu- 
racies were obtained  with  the  balances i n  place in the model during  the 
period of the  basic aerodynamic tests. The o n l y  exceptions  involved 
were the  interaction data which were obtained  during final bench Cali- 
brat ions  pr ior   to   instal la t ion  in   the tunnel. 

ANALYSIS 

In combining the  various  errors,  the methods discussed i n  chap- 
t e r  I11 of reference 12 were followed and are   br ief ly  reviewed. If, 
for  example, the chord force is considered,  then 

c = ccqs 

or 

dC = qS dCc + CcS dq + Ccg dS 
~ 

and 

If the symbol r is used t o  designate  the  probable  error i n  any item 
(for  example, rq = dq),  then  squaring  both  sides of (1) and neglecting 
a l l  cross-product  terms  since, on the  average,  the  cross product of two 
random errors i s  zero,  the  probable  error i n  CC i s  

. 



. 

The probable  error i n  the area determination rs in  equation (2 )  
w a s  estimated on the  basis of construction  tolerances t o  be negligible. 

The problem of determining the probable  errors i s  therefore 
reduced t o  one of evaluating 

Equation ( 3 )  is the  general  exgression  for the probable  error i n  Cc 
and includes both random and systematic  errors. It may be rewritten as 

(P.E. in C C ) ~  = r12 + r22 (4) 

where r l  and re are the random and systematic  errors,  respectively. 
The systematic  errors  included are 

(a)  Interactions 

(b) Calibration shifts 

which may be combined algebraically as 

r2 = ra + rb 

All other  errors  considered were random in  nature. These items were 

(c  ) Zero shift 

(d)  Sensi t ivi ty  

(e)  Inaccuracies  in angle of at tack  or  yaw 

( f )  Inaccuracfes in angle of incidence of the stabil izer,   ai leron, 
or  rudder 

(g) Inaccuracies in the measurement of the free-stream dynamic 
pressure 

and are combined as follows 

2 2 , 2  2 - 2  rl = rc + rd + re + rf2 + r 63 

When the balance alone is considered, items (e) ,  (f), and (g) are taken 
as zero. All of the errors  are converted into  coefficient form by 
means of the calibration curve  slopes and aerodynamic  parameters. The 
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resul ts  of equations ( 5 )  and ( 6 )  are combined by equation ( 4 )  t o  give 
the  probable  error in coefficient form t o  be expected in   the component 
being  considered. 

RESULTS AND DISCUSSION 

The resul ts  of the analysis are  presented in tables I11 and I V .  
Table 111 presents  the  errors due to   t he  balance  alone,  part A including 
zero  shift  and sensitivity  only and part  B containing  the  effects of 
these  items  plus  calibration changes and maximum interactions  encountered 
during  the tests. In   table  IV the effects of tunnel- and model-parameter 
errors  are combined with  the  balance-system errors  from table 111. Since 
the  balance measured normal force and  chord force,  nonnal-force  coeff i- 
cient (CN) and chord-force  coefficient (Cc) are used  instead of l i f t  
coefficient (CL) and drag  coefficient. (cD). 

A comparison  of ' tables 111 and IV shows that the  inaccuracies i n  
angle  settings and dynamic pressure had a considerable  effect on the 
prqbable e r ro r s   i n  all the  quantities measured. The effects  of inter-  
actions and calibration  shift  on Cc were significant when moderate 
amounts of positive lift and negative  pitching moment were applied  to 
the model. The errors  in rolling-moment and yawing-moment coefficients 
were influenced  about  equally by calibration and interaction  errors and 
by tunnel-parameter  inaccuracies. 

In general,  the  errors are quite small .  and do not  significantly 
affect  the data  obtained  during  this  investigation. Th2 probable 
errors due t o  the  interactions  are  conservativybecause  the  loading con- 
dit ions chosen were those  causing the maximum inaccuracies in those 
components  most sensit ive  to '   interactions,  

. 
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TABIE I . . GEOMETRIC CHARACTERISTICS O F  MODEL 

17 

wing: 
Area. sq f t  . . . . . . . . . . . . . .  
Span. f t  . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . .  
Sweepback of quarter-chord line. deg . 
Taper r a t i o  . . . . . . . . . . . . . .  
Mean aeroaynamic chord. f t  . . . . . .  
Airfoil   section normal t o  quarter-chord 

l i ne  . . . . . . . . . . . . . . .  
Twist. deg . . . . . . . . . . . . . .  
Dihedral.  deg . . . . . . . . . . . . .  

. . . . . . . . . . . .  1.158 . . . . . . . . . . . .  2.155 . . . . . . . . . . . . . .  4 . . . . . . . . . . . . . .  40 . . . . . . . . . . . . .  0.5 . . . . . . . . . . . . .  0.557 

lO.percent.thick, c i rcular  arc . . . . . . . . . . . . . .  0 . . . . . . . . . . . . . . .  3 

Horizontai.tai1: 
Area, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.196 
Span, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.855 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  3.72 
Sweepback of quarter-chord line, deg . . . . . . . . . . . . . . .  40 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.5 
Airfoil   section . . . . . . . . . . . . . . . . . . . . . .  HACA 65-008 

Vertical tail: 
Area (exposed). sq f t  . . . . . . . . . . . . . . . . . . . . .  0.172 
Aspect r a t i o  (based on ex-posed area and span) . . . . . . . . . .  1.17 
Sweepback of leading edge. deg . . . . . . . . . . . . . . . . .  40.6 
Taper-ratio . . . . . . . . . . . . . . . . . . . . . . . . . .  0.337 
Airfoil  section. root  . . . . . . . . . . . . . . . . . .  NACA 27-010 
Airfoi l   sect ion.   t ip  . . . . . . . . . . . . . . . . . .  NACA 27-008 

Fuselage : 
Fineness r a t i o  (neglecMng canopies) . . . . . . . . . . . . . .  9.4 

Miscellaneous: 
T a i l  length from F / 4  wing t o  Ft/4 tail. f t  . . . . . . . . . . .  0.917 
T a i l  height. wing semispans above fuselage  center  l ine . . . .  0.153 

. 
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TABLE 11. - VARIATION OF AILEEON AND RUDDER 

CHARACTERISTICS WITH MACH NUMBER 

Mach number 
Parameter 

1.40 1.59 

Aileron1 

-0 .om 

- ,0163 - .020 

-0.0157 ch%.l 

cha, 

C28,  
- .om56 - .om44 

I Rudder2 

'@r 

cslk 
-0.0080 

- .0043 - .0058 
-0.0031 

C 
W r  

- .om23 - .0001g 
I 

. 

. 

'Measured at €iW = Oo, a = Oo . -1 
2Measured at Er = 0 , 14 = Oo. 0 
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Ealues for  errors are given only for  those  scale ranges actually used during the t e s a  E 
I3 

A. Errors  resulting from zero shif t  and sensit ivity u E 
P pq" Scale 

Scale 

*o .0026 

-k .001g 

k .OOlk 

Cm 

ko ,00062 

f ,00061 

* .0005l 

CC ck 

"""" """_ 
io.00025 ------- 
f .00025 10 * 0010 

*o.oolg *o.ooolg AO.OOOU 

5.0019 *0.0011 1.00019 k .OOOOg 

-----"- 
*0.0028 

"""_ 
-""" 

"""_ 
k0.0028 

f .ow8 



. . . . . . . . . . . . 

TABLE IV.- ERRORS W DUE TO BATXEIS AID TUNHEL 

A. Errore  resulting from %em shift, semitivity,  tunnel, and model inaccuracies 

I I 

cy Cn 

-""" """" 

------- *0.00015 

f 0.0018 f .00014 

""_"" """- i0.0031 ------- 
f0.0028 k0.000075 *0.0017 ------- 

+.000075 k.0017 ------- f.0028 

B. Errors resulting fram zero shift, seasitivlty,  calibration shifts, combined loads for 
maximum interaction, and tunnel aud model inaccuracies 

2 .o&g 

3 f .m45 

4 Lm3 

. . .  
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Figure 1.- System of axes and  control-surface  hinge  moments and 
# deflections. Posi t ive values of forces,  moments, and angles 

are indicated by arrows. 
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~ 4 . 2 9 6  1 

Figure 2.- Details of model of supereonic aircraft configuration. 
Dimensions are in inches unless otherwise noted. 
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.. . . . .. . .  



Figure 3.-  Detail of wing semispan. A l l  dimensions are in Fnches. 
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Figure 4.- Detail  of ver t ica l  tail. All dimensions are in inches. 
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(a) Mounted for pitch  tests. a = -10'; $ = 0'. 

Figure 5.- Complete  model of aircraft mounted. in the Langley 4- by 
' lcfoot  supereonic tunnel. 
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(b) Mounted for  yau t e s t s .  a = Oo; $ f Oo. 

Figure 5 . -  Concluded. 
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Angle o f  affack, a, de9 

Figure 6.- Effect of aileron  deflection on the aerodynamic character is t ics  
i n  pitch. M = 1.40. 
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Figure 7.- Effect of aileron deflection on the aerodynamic characteristics 
in pitch. M = 1.59. 
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Figure 8.- Variation of rolling-moment and aileron hinge-moment coeff i -  
cients Kith aileron deflection. a = 0'. 
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Tofo/o&run def/ecfioe dig 
Figure 9.- Rol l ing  characteristic8 of the model, a = Oo. 
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Figure 10.- Effect of rudder deflection on the aerodynamic  characteristics 
in pw. a = Oo, M = 1.40. 
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Figure 10. - Concluded. 
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NACA RM ~ 5 0 ~ 1  

Figure 11.- Effect of rudder deflection on the aerodynamic characteristics 
i n  yaw. a = Oo, M = 1.59. 
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Ang/e ofyaw, fi de?, 
Figure 11.- Concluded. 
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” / 7 = L 5 9  

-4 0 4 
A q / e  uf’y~w,g deg 

Figure 12.- Variation of rudder  deflection with angle of yaw. C, 
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Rudder def lecf ion,  $r, deq 
Figure 13.-  Variation of yawing-moment and rudder hinge-moment coeffi- 

c i e n t s  with rudder   def lec t ion .  Jr = 0'. 




